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Introduction
A periapical cyst is an inflammatory odontogenic lesion located at the apex of a tooth with an infected necrotic pulp (Walker et al. 2000) . Periapical cysts represent the most frequent cystic lesion in the jaws (Del Corso et al. 2014) , being characterized by a dense connective tissue capsule containing a chronic inflammatory infiltrate and lined by stratified squamous epithelium, thus forming a cavity (Schulz et al. 2009 ). The inflammatory cells and cytokines within the capsule are related to the cystic formation and growth (Walker et al. 2000 , Ricucci et al. 2006 . Moreover, cytokines exert their functions through specific binding to cellular receptors. Thus, the balance between proinflammatory, anti-inflammatory cytokines and receptors may determine the nature of the cellular response and, in a broader context, influence the intensity and duration of the inflammatory response and the clinical development of the lesion , Cavalla et al. 2014 .
The chronic inflammatory infiltrate located in the capsule is composed mainly of T lymphocytes, B lymphocytes and macrophages (Graunaite et al. 2012) . T lymphocytes can differentiate into T-helper type 1 (Th1) or T-helper type 2 (Th2) lineages (Ihan Hren & Ihan 2009 , Cavalla et al. 2014 ; whilst macrophages fall into two categories: macrophages with 'classic' activation (M1) and macrophages with 'alternative' activation (M2), related to Th1 and Th2 responses, respectively (Dey et al. 2014 ). These immune responses play different roles in the course of the periapical cyst with Th1 being associated with the progression of the lesion (Ihan Hren & Ihan 2009 , Cavalla et al. 2014 and increased production of proinflammatory cytokines such as interleukin (IL)-1b, IL-6 and tumour necrosis factor alpha (TNF-a), which are related to bone resorption (Metzger 2000 , Lin et al. 2007 ); whilst Th2 is linked to the healing process including elimination of debris, inhibition of the production of proinflammatory mediators, promotion of angiogenesis and tissue repair (Mantovani et al. 2004 , Ivashkiv 2013 , Dey et al. 2014 .
No studies have identified the presence of M2 macrophages or their correlation with the Th1 cellular immune response in these lesions. Thus, the present work aimed to analyse the Th1 cellular immune response through the expression of IL-1b, IL-6 and TNF-a, as well as the Th2 cellular immune response through the presence of M2 macrophages. The understanding of the defence mechanisms involved in the pathogenesis of periapical cyst can contribute to the election of better forms of treatment, also helping to find novel therapies for this lesion. The null hypothesis was that M2 macrophages were not present or associated with the Th1 acute response found within periapical cysts.
Materials and Methods

Samples
The study was approved by the Human Research Ethics Committee of the Federal University of Alfenas, Alfenas, Brazil (Protocol 1.291.161). All cases diagnosed as periapical cyst from 2000 to 2010 were reviewed. Inclusion criteria were samples of lesions with a history of previous endodontic treatment, obtained by excisional biopsy, removed by the same dental surgeon and which had sufficient material for diagnosis and microscopic analysis. The cases excluded from the study were those obtained by incisional biopsies, removed by another dental surgeon and/or with insufficient or inadequate material for the proposed analyses. During the period of evaluation (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , 214 cases were diagnosed as periapical cysts; however, only 24 fulfilled the inclusion criteria. Informed consent was obtained from the individual participants included in the study. All procedures performed were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Histological analysis
All samples were fixed in 10% buffered formalin and processed with the same methodology. Histological sections were obtained from paraffin-embedded tissue and stained with haematoxylin and eosin (H&E). To confirm a diagnosis of periapical cyst, the following criteria were utilized: cystic lesion with cavity lined by nonkeratinized stratified squamous epithelium, with capsule composed of dense connective tissue and mononuclear inflammatory infiltrate. The intensity of the inflammation was evaluated according to Tsai et al. (2004) under a light microscope with a 2009 magnification. For the classification, the following scale was used: 1 (<1/3 of the field composed of inflammatory cells), 2 (between 1/3 and 2/3 of the field composed of inflammatory cells) and 3 (above 2/ 3 of the field composed of inflammatory cells). The value for each specimen was established by the sum obtained from the inflammatory infiltrate of five consecutive fields of areas with preserved cystic capsule. It was considered as a weak inflammation, values between 1 and 5; moderate inflammation between 6 and 10 and between 11 and 15 intense inflammation. AxioVision Rel 4.8.2 software (Carl Zeiss, Jena, Germany) was used to capture the fields. All slides were reviewed by two independent observers. Discordant cases were reviewed together and results obtained by consensus.
Immunohistochemistry
The immunohistochemistry was performed manually as described previously (Norton et al. 1994) . Deparaffinization of 3 lm thickness sections was performed with xylene (Quimesp Quimica, Guarulhos, SP, Brazil), ethanol series (Merck, Darmstadt, Germany) hydration in running tap water. Antigen retrieval was performed in 10 mmol L À1 citrate buffer solution pH 6.0 using a 4.5 L, stainless steel pressure cooker (A La Carte, Rochedo, Brazil). Endogenous peroxidase was quenched with 6% hydrogen peroxide (Quimesp Quimica). Slides were washed in distilled water and phosphate-buffered saline (PBS) 10 mmol L À1 pH 7.4
and incubated with primary antibody diluted in PBS containing bovine serum albumin 1% (A9647; Sigma, St. Louis, MO, USA) and sodium azide 0.1%, for 30 min at 37°C and for 18 h at 4°C in a humid chamber. The primary antibodies used are shown in Table 1 . Slides were rinsed in PBS and incubated for 30 min at 37°C with Post Primary Block (Novolink Polymer Max Detection System, RE7280-K, Newcastle upon Tyne, UK), followed by the Polymer of the same kit. Slides were washed in PBS and revealed in chromogenic substrate solution: 100 mg of 3,3 0 tetrahydrochloride diaminobenzidine (D5637; Sigma); 1 mL of dimethylsulphoxide (J T Baker, Phillipsburg, NJ, USA); 1 mL of 6% hydrogen peroxide and 100 mL PBS; for 5 min at 37°C, protected from light. Slides were counterstained with Harris haematoxylin. Negative controls were performed omitting the primary antibody. Tonsils were used as positive controls.
Immunohistochemical analysis
The cystic capsule was divided into superficial and deep regions according to Bracks et al. (2014) , considering half the thickness from the superficial layer of the epithelium to the outer boundary of the fibrous capsule. Ten different random fields in each region were selected and captured with 4009 magnification (AxioLab A1 Plus-Carl Zeiss, Jena, Germany), in areas with preserved cystic capsule, using the software AxioVision Rel 4.8.2 (Carl Zeiss). The analysis of macrophages immunostained with the CD163 antibody was developed according to Bracks et al. (2014) , considering the number of positive cells per field: 0 (absence of macrophages), 1 (weak, 1-5 macrophages), 2 (moderate, 6-10 macrophages) and 3 (intense, more than 10 macrophages). For each case included in the study, the sum of the fields in the superficial and deep regions was obtained.
Cytokine immuno-labelled analysis with IL-1b, IL-6 and TNF-a antibodies were developed according to Sa et al. (2017) . The cystic capsule was divided into superficial and deep regions as mentioned above, 10 fields were selected from each region and captured with 4009 magnification (AxioLab A1 Plus-Carl Zeiss) in areas that had preserved cystic capsule using AxioVision software Rel 4.8.2 (Carl Zeiss). All captured fields were classified as follows: 0 or the absence of immunostained cells (<10% of immunopositive cells), 1 or weak (11% to 25%), moderate (26% to 75%) and 3 or intense (>76%). For each case included in the study, the sum of the fields in the superficial and deep regions was obtained. The same captured fields were used for analysing CD163-positive macrophages and all the cytokines. All the slides were reviewed by two independent observers. Discordant cases were reviewed together and the results obtained by consensus.
Statistical analysis
Statistical analyses were performed using SPSS for Windows microcomputer statistical software, version 17.0 (SPSS Inc., Chicago, IL, USA). The variables were tested with paired Wilcoxon test for intragroup comparisons at 5% significance (P ≤ 0.05). The Spearman correlation coefficient was performed for the correlations between groups at 5% significance (P ≤ 0.05); positive correlations indicated a proportional and associated increase or decrease between two variables, whilst negative correlations indicated inversely related behaviours between two variables.
Results
Analysis of the microscopic features of haematoxylin and eosin-stained slides revealed that the inflammation present in the cystic capsule was classified as weak in three cases (12.5%), moderate in nine cases (37.5%) and intense in 12 cases (50%). Immunohistochemical expression of the cytokines IL-1 b, IL-6 and TNF-a and macrophages M2 was observed in the cystic capsule of all periapical cysts. Significant differences were observed in cell reactivity between the superficial and deep regions (P < 0.001) for all antibodies, with higher values in the superficial region (Fig. 1) .
In deeper regions of the capsule, the intensity of inflammation had a significant correlation with TNF-a 
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(P < 0.001; r = 0.656), IL-1b (P < 0.001; r = 0.698) and IL-6 (P = 0.016; r = 0.483). In the superficial region, the intensity of inflammation had a significant correlation with IL-1b (P < 0.001; r = 0.708) and IL-6 (P = 0.002; r = 0.582); in addition, a tendency for correlation was observed between the intensity of the inflammation and the TNF-a immunostaining (P = 0.054; r = 0.397). All cytokines had a significant association amongst them for both regions (Table 2) . CD163 immunostaining revealed a positive correlation with TNF-a (P = 0.007, r = 0.537) and IL-6 (P = 0.018, r = 0.478) in the superficial region (Fig. 2) . However, CD163 immunostaining had no association with the intensity of inflammation in both regions evaluated (P > 0.05). It should be emphasized that CD163 had an immunostaining pattern that was characterized by high scores in both regions, despite the intensity of inflammation present.
Discussion
Periapical cysts are lesions of inflammatory origin composed of fibrous capsules containing chronic inflammatory infiltrate (mainly lymphocytes and macrophages) and fibroblasts; periapical cysts are lined by stratified squamous epithelium resulting in a cavity (Schulz et al. 2009 ). Most of the cases evaluated had intense inflammation, similar to previous studies (Tsai et al. 2004 , Bracks et al. 2014 . In the present study, the presence of cytokines TNF-a, IL-1b and IL-6 within the cystic capsule of periapical cysts had greater concentrations in the superficial regions.
This fact can be explained by the presence of bacteria inside the root canals and in the cystic lumen, which causes the migration and infiltration of inflammatory cells in the cystic epithelium and capsule and thus stimulates the production of cytokines as a response to microorganisms (Ricucci et al. 2006 , Lin et al. 2009 ). Therefore, the presence of inflammatory cells and their cytokines as a consequence of bacteria and their products in the cystic lumen may be responsible for the persistence of periapical cysts after root canal treatment (Lin et al. 2009 ). There is actually a predominance of proinflammatory cytokines and high levels of TNF-a in lesions that remain after root canal treatment (Henriques et al. 2011) , what demonstrates the active immunological profile of these lesions (Jakovljevic et al. 2015) . The proinflammatory cytokines IL-1b, IL-6 and TNF-a are produced in greater amounts by M1 macrophages; these macrophages also act by promoting the amplification of TCD4+ lymphocyte polarization towards the Th1 subtype (Dey et al. 2014) . When the expression of the cytokines TNF-a, IL-1b and IL-6 was correlated amongst each other, a positive correlation was observed in both the superficial and deep regions of the cystic capsule. Correlations amongst these cytokines were in fact observed in previous studies of apical lesions , Martinho et al. 2012 , Jakovljevic et al. 2015 . These cytokines have the ability to stimulate the proliferation of epithelial cells (Meghji et al. 1996 , Lin et al. 2007 , and they are considered to be mediators of bone remodelling, acting in the differentiation of osteoclasts and stimulating their activity (Kwan Tat et al. 2004 , Cochran 2008 , Graves et al. 2011 , Marton & Kiss 2014 ; these characteristics are also related to cystic growth (Ihan Hren & Ihan 2009 , Marton & Kiss 2014 .
Amongst the inflammatory cells present in periapical cysts, macrophages are found in large quantities and they are important cells in the protective response and also in the development and perpetuation of inflammatory reactions (Rodini & Lara 2001 , Bracks et al. 2014 , Marton & Kiss 2014 . Classically, M1 macrophages are related to the initiation and maintenance of the inflammatory process, whilst M2 macrophages are related to the resolution of the inflammatory process and tissue repair (Muraille et al. 2014) . Macrophage polarization (M1 and M2) is thus crucial and influences the course of inflammation (Ivashkiv 2013) . Due to the nonexistence of specific markers for M1 macrophages (Heusinkveld & van der Burg 2011), these cells were evaluated through the presence of TNF-a, IL-1b and IL-6 cytokines they produce (Dey et al. 2014) , and thus the manifestation of the Th1 immune response.
To observe the expression of the Th2 immune response in periapical cysts, however, the presence of M2 macrophages through CD163 immunostaining was used for the first time as an analysis tool, as it is an important differentiator between M1 and M2 macrophages (Fabriek et al. 2005 , Heusinkveld & van der Burg 2011 . The superficial regions had greater CD63 immunostaining values in relation to the deep regions, which can be explained by the higher density of inflammatory infiltrate found in superficial regions (Bracks et al. 2014) .
Aiming for a better understanding of M2 macrophages, a correlation analysis between these cells and the cytokines TNF-a, IL-1b and IL-6 was performed. A positive correlation was observed between the expression of macrophage M2 and the cytokines TNFa and IL-6 in superficial regions of the cystic capsules. Indeed, M2 macrophages are commonly characterized by the low production of proinflammatory cytokines such as TNF-a, IL-1 and IL-6, but macrophages exposed to immuno-complexes and microbial products are considered exceptions as these cells preserve the production of high levels proinflammatory cytokines, concomitantly with elevated levels of IL-10 and low levels of IL-12 (Mosser 2003 , Mantovani et al. 2004 .
The relationship between CD163 receptor and cytokine production in bacterial infections has demonstrated that the recognition of bacteria by CD163 contributes to the production of TNF-a, IL-1b and IL-6 by macrophages, which identifies CD163 as a macrophage receptor for bacteria and suggests the role of macrophages in inducing the local inflammatory response to the elimination of infection (Fabriek et al. Figure 2 Correlations between TNF-a/CD163 and IL-6/CD163 on the superficial region as described in Materials and Methods (N = 24). *P value obtained by Spearman's correlation coefficient with significance level at 5%
2009). The absence of a correlation between M2 macrophages and IL-1b observed in the present study can be explained by the action of cytokines responsible for differentiating macrophages into the M2 subtype [for instance, IL-4 and IL-13 (Muraille et al. 2014) ], which induce the production of IL-1 receptor antagonists in M2 macrophages, thus causing inhibition of IL-1b (Mosser 2003 , Mantovani et al. 2004 . The presence of Th1 and Th2 immune responses in periapical lesions indicates the importance of the simultaneous action of the two types of response in the pathogenesis of the disease (Marton & Kiss 2014) . The Th1 immune response mediated by IFN-c and the cytokines TNF-a, IL-1b and IL-6 are believed to be involved in lesion progression and bone destruction, whereas Th2 response mediated by cytokines IL-4, IL-5 and IL-10 is responsible for the healing process and restriction of the immune inflammatory response , Marton & Kiss 2014 . Nevertheless, the Th2 immune response may be related to failure to control the infection as its presence may inhibit the Th1 response, which has the function of eliminating microorganisms (Cavalla et al. 2014) . Thus, the presence of M2 macrophages, favouring the Th2 response, is not sufficient for the periapical cyst regression process, if infectious stimuli are present and continuously promoting the production of proinflammatory cytokines such as TNF-a, IL1b and IL-6 (Fabriek et al. 2009 ). Therapeutic approaches involving the regularization of polarization of macrophages M1 and M2 are important points to be considered, since this polarization plays an important role in the progression of chronic inflammatory processes (Dey et al. 2014) .
Conclusion
Through the expression of cytokines TNF-a, IL-1b and IL-6, a Th1 immune response was present in periapical cysts, whilst the conspicuous existence of macrophages M2 within these lesions, characterizes the presence of a Th2 immune response. Macrophages M2 were associated with TNF-a and IL-6, suggesting a new and important pattern for future studies on immunological processes related to periapical cysts.
